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Plant Biology SelectMost organisms have daily rhythms set by environmental conditions such as light. Plants in particular are very
sensitive to changes in their environment, responding to such changes with altered growth and development.
At amolecular level, changes in the environment are detected and processed through an internal circadian clock.
At the core of all circadian clocks is a transcriptional feedback loop; however, posttranslational modifications,
such as phosphorylation and ubiquitination, are also important in the regulation of the circadian clock. Here we
discuss recent studies on the plant circadian clock ranging fromnewposttranslationalmechanisms that regulate
the plant clock to how the plant clock mediates responses to the plant hormone auxin, thereby connecting the
clock to growth and development.
Blue Light Promotes a LOVing Interaction
A central component of the plant circadian clock is TOC1 (TIMING OF CAB
EXPRESSION 1). Degradation of TOC1 is carried out by the F-box protein ZTL
(ZEITLUPE), which is part of an SCF E3 ubiquitin ligase complex. Although ZTL
mRNA is relatively stable, the ZTL protein undergoes oscillations in its abundance
through an unknown mechanism. Working in the model plant Arabidopsis thaliana,
Kim et al. (2007) report that ZTL is a novel type of photoreceptor that is stabilized
by the GIGANTEA (GI) protein specifically in blue light. While examining ZTL levels
in circadian clock plant mutants, Kim et al. noticed that ZTL levels were drastically
reduced in plants with mutations in the gigantea (gi) gene that had an altered cir-
cadian periodicity. Conversely, overexpression of GI caused an increase in the
amount of ZTL protein. Absence of ZTL also reduced the amounts of GI, indicating
that these proteins must stabilize each other. The authors show that these two
proteins interact with each other in vitro and in vivo, and in both systems, GI binds strongly to the LOV (light, oxygen,
or voltage) domain of ZTL. This domain is important for signaling in response to blue light. Kim et al. next determined
that the interaction between these two proteins is enhanced and stabilized in blue light. Moreover, mutations in one
residue (C82A) of ZTL’s LOV domain (but not mutations in other domains) abolished the interaction between ZTL and
GI in blue light while still maintaining their interaction (albeit weakly) in other light conditions. Hence, blue light,
sensed by ZTL, stabilizes ZTL through its interaction with GI. Thus, the stability of ZTL is not regulated at the tran-
scriptional level but by a new kind of posttranslational modification, i.e. a blue-light-enhanced interaction with GI.
Given that the amounts of GI itself are regulated by the clock, ZTL levels are also clock controlled by virtue of its
stability being dependent on its association with GI. Because ZTL negatively affects TOC1 abundance, Kim et al.
found that TOC1 levels were increased in gi mutants, thereby implicating GI in the control of a core component of
the plant circadian clock. This study furthers our understanding of how robust circadian oscillations are established.
W.-Y. Kim et al. (2007). Nature. Published online August 19, 2007. 10.1038/nature06132.
All You Need Is LOV
In Arabidopsis, the core circadian component TOC1 belongs to the PSEUDO-RESPONSE REGULATOR (PRR)
family of proteins. Kiba et al. (2007) examined whether the levels of another member of this family, PRR5, also ex-
hibited circadian oscillations and how PRR5 abundance is controlled. First, they followed PRR5 protein and mRNA
levels through several light/dark cycles and found that it oscillated. In the dark, PRR5 protein levels decreased after
the decrease of PRR5 mRNA, indicating that PRR5 abundance is regulated posttranslationally. They next showed
that PRR5 is degraded by the proteasome and that PRR5 levels are partially regulated by ZTL. Kiba et al. determined
that these two proteins interact in vitro and in vivo and that their interaction was abrogated when the PR (Pseudo-
Receiver) domain of PRR5 was mutated. By analyzing plants with mutations in both prr5 and ztl, the authors were
able to demonstrate that ZTL activity is partly dependent on PRR5. They also showed that blue light increased
the stability of PRR5 by interfering with the interaction between PRR5 and ZTL probably through the LOV domain
of ZTL, which is a blue light sensor. It will be interesting to determine the precise function of PRR5 in the plant
circadian clock and its role during plant development.
T. Kiba et al. (2007). Plant Cell. Published online August 10, 2007. 10.1105/tpc.107.053033.
Paying LIP Service
Careful analysis of the Arabidopsis lip1-1 mutant with an altered circadian rhythm enabled Kevei et al. to identify
a small GTPase as a new component of the plant circadian clock. The lip1-1 mutant has shorter period lengths in
all light conditions tested, indicating that the LIP1 protein is important for the light-dependent control of period
length. The authors tested the ability of lip1-1 mutant plants to reset their clock in response to light stimuli, a key
Arabidopsis thaliana in bloom.
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feature of circadian clocks. This analysis revealed that LIP1 function is important during the first half of the night. The
abundance of TOC1 mRNA, a core circadian regulator, was drastically reduced in lip1 mutants compared to
wild-type plants grown in light/dark cycles. Kevei et al. deduced that wild-type LIP1 is an atypical GTPase capable
of hydrolyzing GTP despite an altered residue in its catalytic domain. The next step will be to elucidate how this
GTPase interfaces with the known components of the plant circadian clock.
E. Kevei et al. (2007). Curr. Biol. 17, 1–9.
Clock Control by Chromatin
Regulation of circadian clocks at the transcriptional level is well established.
Now Perales and Mas (2007) working in Arabidopsis compare the rhythms
of histone acetylation at the promoter of the gene encoding TOC1 with
oscillations of the TOC1 transcript. They monitored the status of histone
H3 acetylation—a marker of transcription—at the TOC1 promoter using
chromatin immunoprecipitation (ChIP). Acetylated histone H3 displayed
a pattern of oscillation that slightly preceded but closely followed the oscil-
lation of TOC1. This finding indicated that histone acetylation occurs prior
to transcriptional activation of TOC1. CCA1—another core component of
the plant circadian clock—also binds to the TOC1 promoter in a rhythmic
fashion that was lowest when TOC1 expression was highest. CCA1 binding
and histone H3 acetylation were also in opposite phases. Overexpression
of CCA1 repressed both H3 acetylation and TOC1 expression, indicating
that CCA1 binding repressed TOC1 transcription. Interestingly, histone de-
acetylase activity preceded the decline in expression of TOC1. The authors
showed that changes in day length could affect chromatin state at the TOC1
promoter. Thus, setting the expression of TOC1 impacts the rest of the plant
circadian clock aswell as plant development and serves to integrate external
signals with the internal oscillator.
M. Perales and P. Mas (2007). Plant Cell. Published online July 6, 2007.
10.1105/tpc.107.050807.
Auxin Signaling: Timing Is Everything
Using genome-wide transcriptional profiling, Covington and Harmer (2007)
uncover a tantalizing link between the circadian clock and auxin signaling.
Auxins are hormones that are critical for growth and developmental pattern-
ing in plants. The authors observed that in the model plant Arabidopsis, the
expression of 1600 genes oscillates in a circadian manner. Intriguingly,
genes important for auxin signaling—encoding biosynthetic enzymes, efflux
carriers, auxin-inactivating enzymes, amido synthetases—were overrepre-
sented, indicating that the circadian clock might regulate auxin signaling.
More than half of the genes highly induced by auxin also showed a circadian
pattern of expression. To determine whether the sensitivity of plants to auxin
is determined by the clock, the authors treated plants at different times over
several days to low amounts of auxin and measured reporter gene expres-
sion driven by an auxin response element. During the day, reporter gene
expression decreases, and application of auxin in the daytime did not boost
reporter gene expression. However, during the night, when expression of the
reporter gene increases, auxin treatment augmented this expression. The
authors also showed that growth responses regulated by auxin were mod-
ulated by the clock. This study provides important insights into the temporal
regulation of plant growth. It will be interesting to determine whether other processes regulated by auxin, such as
organ initiation, are also under control of the circadian clock.
M.F. Covington and S.L. Harmer (2007). PLoS Biol. 5, e222. 10.1371/journal.pbio.0050222.
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Arabidopsis thaliana seedlings express-
ing the luciferase gene fused to a syn-
thetic auxin-responsive promoter. Treat-
mentwith a synthetic auxin (right) causes
stronger luciferase expression particu-
larly in the roots. The bright regions in
the roots correspond to new lateral roots
initiated in response to the auxin. Image
courtesy of S. Harmer.
Changes in chromatin structure at the
TOC1 promoter regulate the transcrip-
tional state of the TOC1 gene under dif-
ferent photoperiods. The proper phase
of TOC1 expression is essential for the
clock-dependent photoperiodic control
of flowering time in Arabidopsis thaliana.
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